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Goal: Tocomplement traditional ocean observations by seafloor cables as sensors of transport

and temperature.

The transport of heat Dy ocean currents is an imporiant component of the Fardly's climale system Obscrvalions
of ocean transporils and their variability are therefore imporiant for improved undersianding of natural

Huctuations and cfimate change

Lanoe scale integrals observed wiltlh cables can be used:

- As ocean climate and circulation indices.

Submarine cables olfer possibilities of sensing large scale infedrals of both transport and scaflfoor lemperaiure.

Their spatial integralion, femporal contfinuily. and polentially long duration provide measurements ighly
complementary o lhe sampling stralegy of most other meaﬂﬁg}'afmfc measurements. many of which measure
ornly part of the fHow field and most of which arc highly

intermitient in space. lime. or Dolh.

- To put temporally intermittent measurements in the context of long, homogeneous and continuously resolved time series.

- To test the spatial scale of fluctuations seen in point-Imeasurement time series {(e.g. moorings, regularly occupied hydrographic stations).

- To contribute to the set of measurements available to constrain numerical models of the ocean, evaluate and improve generation circulation models.

Accomplishments:

1. Transport variability from cable voltages

Motional Imnduction

. Motionally induced voltage differences arise when the electrically

e R _ conducting ocean moves through the Earth’s magnetic field. For large

,*/ﬂ / scale, slowly varying ocean currents, to first order the ocean is
=,

surrounded by insulators, and Ohm’s law for a moving medium is

\LL satisfied by electric charge buildup until the cross-stream electrostatic
P Joreces balance the depth-integrated force due to the seawwater’s motion
across the geomagnetic field. In the sketch, Fz is the vertical component
of the geomagnetic field and E is the cross-stream electric field.

/ﬂ / Seafloor cables with endpoints in contact with the local ground or
seawater can be used as voltmeter leads to sense motionally induced
w voltage differences in the ocean.

Numerical model of motional induction in the North Atlantic
(with J. T. Smith and J.C. Larsen)

At the beginning of this work, the _favorable results of voltage-based transport monitoring in the
Straits of Florida were widely thought to result from special and relatively rare circumstances.
There were a number of concerns, which had not proved easy to evaluate by analytical calculations
or simplified numerical models. Realistic bathymetry, sediment thickness and electric conductivity,
seawater temperature and salinity variability, all needed to be modeled and the implications for
practical voltage measurements assessed.

North Atlantic electric field intensity
in the final month of the numerical
- model of Flosadottir et al. (1997a,b).

! The model is based on the WOCE
Community Model first experiment,
three-dimmensional Earth conductivity
models, the International
Geomagnetic Reference Field, and
1~nun . seabed sediment thickness from
Hanth ¥1 seismic data and a generic sediment
Clveer conductivity model. Colored areas

:'"':I':'!"'"J' on land are due to electric currents.

— Vi

The results of the simulation show a linear relationship betiveen volage and net transport for
many long cables in the model North Atlantie, indicating that complicating effects are less
prevalent than had previously been feared. The main result of this work has been to show that
a highly linear relationship between voltage and net cross-cable mass transport can prevail over
large distances, even with complex flow patterns, realistic topography and earth models.

Data analysis and numerical modeling in progress
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Pacific voltage monitoring network,
Collaboration U. Tokyo, Bell Laboratories, WHOI

Numerical model of induction by tides, oceanographic and geophysical applications
Collaboration with Cambridge, Frankfurt, and Lisboa Universities

Proposed/planned Observational Work

North Allantic sublropical gyre and thermofaline circulalion seasonal - decadal transport variabilily

= Fastern branch of subliropical gyre. Madeira to Lisbon, Collaboration U Lisbon 7 Frankfurl
Cambridge University

= Gulf Stream. Deep Western Boundary Current and recirculations. New Fork to Bermuda

- Laribbean inflfow, Grenada Fassage, Collaboration U Miami and ACML

= Florida Current — the next decade. Collaboration PMEL and ACML

2. Average seafloor temperature from cable resistance

Historical Pata

The resistance of copper wire varies wiltlhh the temperature of the metal Since a fong cablfe ﬂ?ﬁ’i}' be
regarded as Lhe sum of the cable s segmenls in series. amd since the varialion of seabed lemperalures
is smalfl enough for the resisiance o foffow the lemperature of each segment cfose to finearly, the
efectric resistance of seaffoor communicalion cables varies approximalely fincarly wilth Lhe average
bottom femperature along the cable route Secasonal variabifily of cable resistance due o ocean
fﬂgwmfum varialions fhas been Known from Lhe earliest day of cormmunicalion by submarine telegraplt
cabfes, dating back o the 190k century.
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Feo vwews of fie figafe Fordensiald, off he cast coa st of Ghirzs and fanding Ghe first e .-:'ﬂzqzz?feif cabie system of reaf
felegraph cable af Wa for Bay fn Aoy Rorg on efaber 20, 1570, - From Abrffern felcgraph Company in Jure of
dots and daches fo fefe and dadla commurycalions”. pubiished by GV Grea £ Mordic. 25, amweny inred. The most imporiand

erz. o7 e ooragon of the 12560 apryversary of Grealfh Mrffern Tefegraph connecfing cables shown in Black,
Loy, JSune £ Fo0d,

Evidence refevant to our understanding of the ocean's rofe
in the interdecadal climaite varialions associated willh the
decadal to centennial component of the North Atlantic
Osciflation (MAO] is largely based on a handiul of fong time
serfes in comiynation with lange scale analyses of almaspheric
and sea suriace patierns To cover a full cyolfe of the decadal-
centennial Farfaiﬁj;f{ il I8 Recessary fggﬂ back at feast lo
the early years of the 2000 century. However, most ocean
lime series started only in the post perfod, and analyses
based on large scale colfections of ship observailions have
ditficulties bridging the mid-century for reasons that include
data gaps. changes in observalion melhods at sea, and in
patterns of shipping.

GREENLAND

Qs ‘MIHE

Future Directions:

Soiremalic of e principaf currerds of Ghe Abrdic
Seas wilh fhr o af OWS RFKE’ indica fed.

7 frzzdrhed arrows indica fe surfaoe currends
i iack arrmows dica fe r cLrrend
abtern Affer D¥ckson of al, 1896 Arogress in CmIs MTER
ﬂlra:zrymy . 35, pp. 47205, ariginal from
LEforfius and Cammelsrod, Fhe approsima e calbie
oufe fsoverfa id in red.
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A possible coniribuiion is provided by a 19061962 record of the v U0 - |'
resistance of a cable along the IcelandFacroes Rfﬁ?ﬂ by the cable '~ '
operators of Greal Morthern in lceland and the bacroe Islands "% c2 54 56 50 80 | £4 66 53 70 72 74 75 70 80 93 B¢ 25 00 56
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Comparing the wealher ship reeord and 4r | '
Hr cable Ume series from e lale 19405 ss | | i3 | iy -
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series overlap, both show a rise in .5 | b CRRRTHERIERT o satfan VET T i Sy .
temperature over he 505 fllowed by a 2 | i (EA AR - B S A L 1
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Comparison with ofher data setsand ' |
numerical models {5 in progress, 'L . , L : l L

1900 1910 1920 1930 1940 1950 1960 1970

Upper two panels: Monthly means of temperature at 50 m frepresenting the surfece lager 0-300 m and 1500 m
at OWS Mike, 1 950 to the beginning of the 19005, After Gammelsrod et al, K'ES mor Sci, Symp., 195: 6875, 1092,

Bottom panel: Arerage temperaiure along the cable route (0-500 m depth), derived jrom the cable resisiance dain,
1906-1962.

Modern cable laying —

b Greal North
Temperafure time series from ca e resisiance measurements oM reat Norhern

Historical Paia
= Extend analysis fo ShetlzndFaeroes cabie
» Search for tartfer fistorical data

New Measuremenis
- kast Caribbean Filre Sysiem s Grenada Fassage first opporianity

http://www.pmel.noaa.gov/~agusta/review
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